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(54) Method for reforming undercoating surface and method for production of semiconductor 
device 



(57) This invention is directed to a method for 
reforming an undercoating surface prior to the formation 
f a prospective film by the CVD technique using a reac- 
tion gas containing an ozone-containing gas having 
ozone contained in oxygen and TEOS. ft effects the 
reform of the surface by forming an undercoating insu- 
lating film 5 on a substrate prior to the formation of film 
and exposing the surface of the undercoating insulating 
film 5 to plasma gas. 
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Description 

BACKGROUND OF THE INVENTION 
1 Field of the Invention 

[0001 ] This invention relates to a method for reforming 
an undercoating surface prepared for the formation of a 
film by the CVD (chemical vapor deposition) technique 
using a reaction gas containing an ozone-containing 
gas having ozone (0 3 ) contained in oxygen (O2) and 
tetraethylorthosilicate (TEOS) (hereinafter referred to 
as "O3/TEOS reaction gas") and a method for the pro- 
duction of a semiconductor device 

2. Description of the Prior Art 

[0002] The film formed by the CVD technique using 
the O3/TEOS reaction gas (hereinafter referred to as 
"O3/TECS CVD Si0 2 film") has the nature of exhibiting 
high d nsity, a low etching rate, no shrinkage by a heat 
treatment even at high temperatures, a small water con- 
tent, and fine flow quality prominently in accordance as 
the O3 concentration in 0 2 increases. The siiicon oxide 
film formed by using an O3/TEOS reaction gas contain- 
ing 0 3 in a high concentration (hereinafter referred to as 
"high O3/TEOS reaction gas^) will be referred to as 
"high O3/TEOS CVD SiOa film' and the silicon oxide film 
formed by using an O3/TEOS reaction gas containing 
O3 in a low concentration (hereinafter referred to as "low 
O3/TEOS reaction gas! will be referred to as "low 
O3/TEOS CVD Si0 2 film" hereinafter. 
[0003] The high O3/TEOS CVD Si0 2 film relies for its 
quality in a great measure on the condition of the sur- 
face of an undercoating layer. Particularly when a high 
O3/TEOS CVD S0 2 film is formed on the surface of a 
Si0 2 film or a S13N4 film, for example, the film under- 
goes abnormal growth and acquires a porous texture 
and a coarse surface as illustrated in Fig. 1 and suffers 
a decline in the growth rate of a f im. 
[0004] In contrast, when a low O3/TEOS CVD SiC^ 
film is formed on the surface of an undercoating layer, 
such abnormal growth as is observed in the high 
O3/TEOS CVD Si0 2 film does not occur in this low 
O3/TEOS CVD Si0 2 film. The low O3/TEOS CVD Si0 2 
film, however, is inferior in such f iim qualities as density 
to the high O3/TEOS CVD Si0 2 film. 
[0005] For the purpose of forming a film of fine flow 
shape and high quality and conferring on the film an 
ability to be buried satisfactorily in a narrow depressed 
area, therefore, it is necessary to form the high 
O3/TEOS CVD Si0 2 film in such a manner as is not 
affected by the condition of the surface of an undercoat- 
ing layer. 

[0000] Heretofore, the following methods have been 
adopted for the purpose of depriving a high O3/TEOS 
CVD Si0 2 film prior to its formation of the dependency 
thereof on the surface of an undercoating film. 



(1) A first method consists in exposing the surface 
of an undercoating layer 120 to plasma as illus- 
trated in Fig. 2A. On the undercoating layer 120 
which has been reformed consequently, a high 

5 O3/TEOS CVD Si0 2 film 121 is formed as illus- 

trated tn Fig 28 

(2) A second method consists in forming on an 
undercoating layer 130 a plasma Si0 2 film 131 as 
an undercoating insulating film by the plasma CVD 

to technique as illustrated in Fig 3A Thus, a high 
Os/TEOS CVD Si0 2 film 132 is famed on the 
undercoating insulating film 131 as illustrated in 
Fig. 3B. 

The plasma Si0 2 film 131 is enabled to acquire 
15 satisfactory adaptability for the high O3/TEOS CVD 
Si0 2 film 1 32 in terms of the formation of a film, 
depending on the condition of the film formation 
adopted by the plasma CVD technique during the 
formation of the plasma Si0 2 film 131. When the 
sc plasma Si0 2 film 131 of fine adaptability is formed 
as an undercoating insulating film on the surface of 
the undercoating layer 130 and then the high 
O3/TEOS CVD Si0 2 film 132 is formed on the 
plasma Si0 2 film 131 . therefore, the high O3/TEOS 
25 CVD Si0 2 film 132 consequently obtained acquires 
fine film qualities. 

(3) A third method consists in forming on the sur- 
face of an undercoating layer 140 a low O3/TEOS 
CVD Si0 2 film 141 as an undercoating insulating 

3C film or forming an O3/TEOS CVD SK^ film under a 
tow pressure (hereinafter referred to as "low pres- 
sure O3/TEOS CVD Si0 2 filnrf) 141 as illustrated in 
Fig. 4A. A high O3/TEOS CVD Si0 2 film 142 is 
formed as illustrated in Fig. 4B on the undercoating 

35 insulating film 141 The high O3/TEOS CVD Si0 2 
film 142 is easily formed because manifests fine 
adaptability for the low O3/TEOS CVD Si0 2 film or 
the low pressure O3/TEOS CVD Si0 2 film 141 . 

4c [0007] The conventional methods mentioned above, 
however, severally encounter the following problems. 

(1) Wrth the method which resorts to the exposure 
of the surface of the undercoating layer 120 to 

45 plasma, the success thereof in eliminating the 
dependency on the surface of the undercoating 
layer 120 is at the mercy of varieties of the surface 
of the unndercoating layer 120 and the condition of 
the emission of plasma. The condition of the 

so plasma emission, therefore, cannot be common 
and standardized inclusively for ail kinds of under- 
coating layer 120 but must be optimized with 
respect to the status of an individual undercoating 
layer 120. 

55 (2) In the case of the method which forms the 
plasma Si0 2 layer 131 as an undercoating insulat- 
ing film, the plasma Si0 2 film 131 has too inferior 
step coverage to suit application to such an under- 
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coating layer as is furnished with fine and deep 
grooves. 

(3) In the case of the method which forms the tow 
O3/TEOS CVD SiOo film 141 or the low pressure 
O3/TEOS CVD Si0 2 film 141 as an undercoating 
insulating film in preparation for the formation of the 
high O3/TEOS CVD Si0 2 film 142, the low 
O3/TCOS CVD Si0 2 fflm 141 possesses an iso- 
tropic film-forming property and requires a thick- 
ness of not less than 100 nm for the purpose of 
averting the influence of the dependency on the 
surface of the undercoating layer. This film, there- 
fore, is unfit for application to an undercoating layer 
which is furnished with fine and deep grooves, for 
example. The low O3/TEOS CVD Si0 2 film 141 is 
unfit for an undercoating insulating film because it 
has low density as compared with the high 
O3/TEOS CVD SiOs film. 

SUMMARY OF THE INVENTION 

[0008] This invention aims to provide a method for 
reforming an undercoating surface which can be 
applied even to an undercoating layer possessed of a 
fine and deep groove (such as. for example, a trench, 
gap between metal wiring layers, or gap between metal 
lower layers) while averting the dependency on the sur- 
face of an undercoating layer without reference to the 
condition of the surface of an undercoating layer, and a 
method for the production of a semiconductor device. 
[0009] According to the method of this invention for 
reforming an undercoating surface, an undercoating 
insulating film is formed on a substrate and the surface 
of the undercoating insulating layer is further exposed to 
plasma prior to the formation of a film. 
[001 0] Since the undercoating insulating film is formed 
on the substrate prior to the formation of a film, the influ- 
ence of the dependency on the surface of the substrate 
can be avoided without reference to the condition of the 
surface of the substrate. 

[001 1 ] Further, since the surface of the undercoating 
insulating film is exposed to plasma, the surface of the 
undercoating insulating film can be reformed. Since this 
reform is required solely for the surface of the under- 
coating insulating film formed on the surface of the sub- 
strate and not for the inherent surface of the substrate 
which is held to possess such a surface condition as 
varies from kind to Kind, the method to be used for the 
reform of surface can be inclusively common and stand- 
ardized. 

[0012] Since the surface of the undercoating insulat- 
ing film has been reformed when an insulating film, for 
example, is ready to be formed on the undercoating 
insulating f 3m. the insulating film can be formed on the 
undercoating insulating film without being affected by 
the dependency on the surface of the undercoating film. 
[0013] H has been confirmed by an experiment con- 
ducted by the present inventor that the undercoating 



insulating film is enabled by exposure to plasma to 
decrease the thickness thereof which is insusceptible of 
the influence of the dependency on the surface of a sub* 
strate. 

5 [0014] When an undercoating insulating film was 
formed by using an ozone-containing gas having O3 
contained in a concentration of not more than 1% in Q 2 
and tetraethylorthosilicate (TEOS) gas. for example, the 
smallest thickness at which the produced film became 

10 insusceptible of the influence of the dependency on the 
surface of the substrate was found to be 10 nm. 
[001 5] According to this invention, since the surface of 
the undercoating insulating film is exposed to plasma, 
the undercoating insulating film is allowed to gain in 

15 density and become no longer susceptible of the influ- 
ence of the dependency on the surface of the substrate 
in spite of a decrease in the thickness thereof . 
[0016] It is demonstrated by the results of the present 
inventor' s experiment that since the undercoating insu- 

20 lating film is allowed to decrease its thickness, it can be 
formed on a substrate which is possessed of a 
depressed area with a very narrow width on the order of 
0.1 um such as. for example, a trench, gap between 
adjacent metal wiring layers, or gap between adjacent 

25 metal lower layers. 

[0017] It has been confirmed that particularly when 
the undercoating insulating film is formed on the surface 
of a substrate possessed of a depressed area of a very 
narrow width by the use of an ozone-containing gas 

30 having a low ozone concentration and TEOS. the 
deposited undercoating insulating fim excels in flat- 
ness, step coverage, and ease of embedment and 
enjoys high density. 

[0018] Further, according to the method of this inven- 
35 tion for the production of a semiconductor device, the 
undercoating insulating film is formed on the substrate 
prior to the formation of an insulating fim, the surface of 
the undercoating insulating film is reformed by exposure 
to plasma, and then the insulating fdm is formed on the 
40 reformed surface. This method, therefore, can be 
applied to a substrate possessed of a fine and deep 
groove (such as. for example, a trench, gap between 
metal wiring layers, or gap between metal lower layers), 
ft accordingly allows formation of an insulating film of 
45 fine quality without being affected by the dependency on 
the surface of the substrate. 

[0019] Particularly when the undercoating insulating 
film is formed with an ozone-containing gas having 
ozone contained in a low concentration of not more than 

so 1% and TEOS and an insulating fim is formed on the 
reformed undercoating insulating fim with an ozone- 
containing gas having ozone contained in a high con- 
centration of not less than 4% and TEOS. the under- 
coating insulating film and the insulating film constitute 

55 themselves a favorable combination enjoying highly sat- 
isfactory adaptability from the standpoint of film forma- 
tion. 
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BRIEF DESCRIPTION OF THE DRAWING 
[0020] 

Fig. 1 is a cross section illustrating abnormal growth 5 
which occurs when a high 0 3 /TEOS CVD Si0 2 film 
is formed on the surface of a Si0 2 film or Si 3 N 4 film 
deposited by the conventional technique. 
Fig. 2A and Fig. 2B are cross sections illustrating a 
method for reforming an undercoating surface 10 
according to a conventional technique. 
Fig. 3A and Fig. 3B are cross sections illustrating 
another method for reforming an undercoating sur- 
face according to the conventional technique. 
Fig. 4 A and Fig. 4B are cross sections illustrating ts 
yet another method for reforming an undercoating 
surface according to the conventional technique. 
Fig. 5A - Fig 5E are cross sections illustrating a 
method for the production of a semiconductor 
device according to a method for reforming an 20 
undercoating surface as one embodiment of this 
invention. 

Fig. 6 is a graph showing the ratio of the growth rate 
of a high O3/TEOS CVD SiOa film to the thickness 
of a low O3/TEOS CVD Si0 2 film involved in a work- 25 
ing example of this invention. 
Fig. 7 is a graph showing the ratio of the growth rate 
of a film to the duration of exposure to plasma 
involved in a working example of this invention. 
Fig. 8 is a cross section illustrating a case of apply- 30 
ing this invention to a trench involved in a working 
example of this invention. 

Fig. 9 is a cross section illustrating a case of apply- 
ing this invention to a gap between metal wiring lay- 
ers coated with a plasma Si0 2 film according to a 35 
working example of this invention. 
Fig. 10 is a cross section illustrating a case of 
applying this invention to a gap between metal wir- 
ing layers formed of different materials according to 
one working example of this invention. 40 
Fig. 11 is a cross section illustrating a case of 
applying this invention to a gap between metal 
lower layers provided in the lateral parts of wiring 
layers with a side wall spacers according to a work- 
ing example of this invention. 45 
Fig. 1 2 is a side view illustrating an anode coupling 
type parallel plate plasma device used for plasma 
surface reforming treatment according to one work- 
ing example of this invention. 

Fig. 13A and Fig. 13B are photographs ilustrating so 
the state of a high O3/TEOS CVD Si0 2 fim formed 
in a working example of this invention. 



DESCRIPTION QF THE PREFERRED EMBODIMENT 

[0021] A method for reforming an undercoating sur- 
fac prior to the formation of a film according to an 
embodiment of this invention and a method for th pro* 



duction of a semiconductor device will be described 
below with reference to diagrams annexed hereto. 
[0022] In the mode of the present embodiment, a low 
O^/TEOS CVD Si0 2 film 5 is formed on a silicon wafer 
1 . then the surface of the low 0-/TEOS CVD Si0 2 film 5 
is exposed to a NH 3 plasma to reform the surface of the 
low O3/TEOS CVD Si0 2 film 5, and thereafter a high 
O3/TEOS CVD Si0 2 film 7 is formed on the surface of 
the low O3/TEOS CVD Si0 2 film 5. 
[0023] A parallel plate plasma device of the anode 
coupling type illustrated in Fig. 12 is used for the expo- 
sure of the surface of the low CK/TEOS CVD Si0 2 film 5 
tc the plasma. Inside a chamber 91 of this device, an 
upper electrode RF 92 and a lower electrode LF 93 are 
opposed to each other and a high-frequency power 
source 94 of a frequency of 13.56 MHz is connected to 
the upper electrode RF 92 and a low-frequency power 
source 95 of a frequency of 380 KHz is connected to the 
lower electrode LF 93. A gas inlet pipe 96 is connected 
tc the chamber 91 to introduce the NH 3 gas through the 
gas inlet pipe 96 into the chamber 91 . 
[0024] Next a method for the treatment of reforming 
the undercoating surface by the use of the device for 
reforming the surface described above will be explained 
below. 

[0025] Fig. 5 is a cross section illustrating a method for 
the production of a semiconductor device by the method 
for reforming an undercoating surface according to the 
embodiment of this invention. 

[0026] First, a polysilicon film is formed on a silicon 
water 1 and then the polysilicon film is patterned to form 
wiring layers 2 as illustrated in Fig. 5A. In this case, the 
patterning is so carried out as to interpose a gap of 0.5 
urn between the adjacent wiring layers 2. 
[0027] Next, a silicon nitride film (Si 2 N 3 fim) 3, 200 nm 
in thickness, is formed so as to cover the silicon wafer 1 
and the wiring layers 2 as illustrated in Fig. 5B. At this 
time, a groove (depression) 4 coated with the silicon 
nitride film 3, 0.1 in width and 0.5 um in depth, is 
formed between the adjacent wiring layers 2. The com- 
ponents mentioned above form the substrate. 
[0028] Then, the Si 3 N 4 film 3 is heated so that the 
temperature of the surface thereof reaches 400 °C. 
Thereafter, while the temperature is maintained, the 
surface of the Si 3 N 4 film 3 is exposed to a mixed gas 
consisting of an ozone-containing gas having O3 con- 
tained in a low concentration of not more than 1% in 0 2 
and TEOS (hereinafter referred to as Tow O3/TEOS 
reaction gas") 

[0029] After the elapse of a prescribed time, the low 
CtyTEOS-CVD-SiC^ f 2m 5 (undercoating insulating f ilm) 
is formed on the surface of the Si 3 N 4 film 3. 
[0030] In this case, the low O3/TEOS CVD Si0 2 film 5 
is formed in a thickness of not less than 10 nm. ft is for 
55 the purpose of covering the interior of the groove 4 of 
narrow width without degrading the step coverage on 
the groove 4 of narrow width that the low Q/TEOS CVD 
Si0 2 film 5 is formed in this small thickness of 10 nm. 
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The reason tor the lower limit of 10 nm is that this lower 
limit is necessary for averting the influence of the 
dependency of the surface of the substrate. 
[0031 ] Since the low 0 3 /TEOS CVD Si0 2 film 5 is con- 
sequently formed inside the groove 4 covered with the 
S13N4 film 3. a groove 6 covered with the low O3/TEOS 
CVD Si0 2 fim 5 measures 0.08 jjm in width and 0.49 
um in depth. 

{0032] Further, the low O3/TEOS CVD Si0 2 film 5 is 
heated so that the temperature of the surface thereof 
reaches 350 °C and thereafter while it is maintained at 
350 W C. the surface df the low CtyTEOS CVD S0 2 film 
5 is exposed to a stream of ammonia (NH 3 ) plasma for 
a period in the approximate range of 15 seconds to f ive 
minutes as illustrated in Fig. 5D to reform the surface of 
low O3/TEOS CVD Si0 2 film 5. 

[0033] At this time, since the surface of the Si 3 N 4 film 
3 is covered with the low O3/TEOS CVD Si0 2 film 5, the 
reform is required to be performed exclusively on the 
surface of the low O3/TEOS CVD Si0 2 film 5 without ref- 
erence to the kind of the undercoating film. Thus, the 
conditions for the reform of the undercoating surface 
can be inclusively common and standardized. 
[0034] The reform can density the low O3/TEOS CVD 
S1O2 film 5 and enable this f am to acquire a quality on a 
par with the high O3/TEOS CVD Si0 2 film. The low 
O3/TEOS CVD SiO s film 5. therefore, can be made to 
avert the influence of the dependency on the surface of 
the Si3N 4 film in spite of the decrease of the thickness 
thereof to 10 nm. The surface of a substrate possessed 
of fine and deep grooves can be reformed. 
[0035] Next, the low Q/TEOS CVD Si0 2 film 5 is 
heated until the temperature of the surface thereof 
reaches 400 °C and thereafter the high CtyTEOS CVD 
S1O2 film 7 is formed at 400 °C on the surface of the low 
O3/TEOS CVD Si0 2 film 5 as illustrated in Rg. 5E by 
the normal pressure CVD technique using a mixed gas 
of an ozone-containing gas having 0 3 contained in a 
high concentration of not less than 4% in 0 2 and TEOS 
(hereinafter referred to "high O3/TEOS reaction gas"). 
At this time, the high CtyTEOS CVD SiO z film 7 com- 
pletely fits the interior of the groove 6 and completely 
cover the low O^EOS CVD Si0 2 flm 5 as well. 
[0036] The surface of the Si 3 N 4 film is covered with 
the low O3/TEOS CVD Si0 2 f flm 5 to preclude the sur- 
face of the S13N4 film from exerting the influence of the 
dependency on the surface thereof and reform the sur- 
face of the tow O3/TEOS CVD St0 2 fflm 5 as well. Thus, 
the high O3/TEOS CVD Si0 2 film 7 can be formed on 
the km O3/TEOS CVD Si0 2 fflm 5 without inducing 

abnormal growth. 

[0037] Next, the experiment conducted by the present 
inventor will be described below. It was carried out to 
survey the following three items. 
[0038] Firstly, the ratio of the growth rate of the high 
03/TEOS CVD Si0 2 film 7 to the thickness of the low 
O3/TEOS CVD S1O2 film 5 was surveyed to examine the 
relation between the thickness of the low O3/TEOS 



CVD Si0 2 film 5 and the dependency on the surface. 
[0039] Secondly, the ratio of the rate of the high 
O3/TEOS CVD Si0 2 film 7 to the duration of exposure of 
the surface of the low O3/TEOS CVD Si0 2 film 5 to 
5 plasma and the dependency of the formation of the high 
O3/TEOS CVD Si0 2 film 7 on the undercoating surface 
were examined. 

[0040] Thirdly, the deposited high 0 3 /TEOS CVD Si0 2 
film 7 was examined for flatness, step coverage, and 

10 burying property. 

[0041 ] The detailed contents of the experiments men- 
tioned above and their results will be described below 
[0042] The low O3/TEOS CVD Si0 2 1ilm 5 was formed 
as an undercoating insulating film on a silicon nitride 

15 film. The plasma exposure of the surface of the low 
O3/TEOS CVD Si0 2 film 5 was effected by the use of a 
stream of NH 3 plasma for two minutes. 
[0043] Fig. 6 is a graph showing the ratio of the depo- 
sition rate of the high O3/TEOS CVD Si0 2 film 7 to the 

20 thickness of the low 0 3 /TEOS CVD Si0 2 film 5. In the 
graph, the horizontal axis is the sca:e of the thickness of 
the low O3/TEOS CVD Si0 2 film 5 and the vertical axis 
the scale of the the ratio of the deposition rate of the 
film. The term 'ratio of the deposition rate or growth 

25 rate" as used herein means the ratio of the deposition 
rate of the high O3/TEOS CVD Si0 2 film 7 on the low 
O3/TEOS CVD Si0 2 film 5 to the deposition rate of the 
high O3/TEOS CVD Si0 2 film 7 directly on the silicon 
wafer 1. 

30 [0044] ft is clearly noted from the results shown in Fig. 
6 that the deposition rate of the high O3/TEOS CVD 
Si0 2 film 7 was nearly the same as that of deposition on 
the silicon wafer 1 when the thickness of the low 
O3/TEOS CVD Si0 2 film 5 was not less than 1 0 nm. that 

35 the rate gradually decreased in proportion as the thick- 
ness decreased, and the deposition rate approximated 
closely to about 80% of that on the silicon wafer 1 when 
the thickness approximated closely to 0 nm. 
{0045] The results indicate that the deposition rate can 

40 be nearly equalized with that on the silicon wafer 1 and 
the dependency of the formation of the high O3/TEOS 
CVD S1O2 film 7 on the undercoating surface can be 
erased by increasing the thickness of the low O3/TEOS 
CVD SiO film 5 to a level of not less than 10 nm. 

45 [0046] Fig. 7 is a graph showing the ratio of th depo- 
sition rate or growth rate to the duration of exposure to 
plasma. In this graph, the horizontal axis is the scale of 
the duration of exposure of the surface of the low 
O3/TEOS CVD Si0 2 film 5 to plasma and the vertical 

so axis the scale of the deposition rate of the high 

O^/TEOS CVD Si0 2 f Urn 7rThe temrtatio of the d^x>^ 

srtion rate or growth rate" as used herein has the same 
meaning as in Fig. 4. 

[0047] In the present case, the thickness of the low 
55 O3/TEOS CVD SKD 2 film 5 was fixed at 1 0 nm. 

[0048] It is clearly noted from Fig. 7 that the deposition 
rate or growth rate was higher than the deposition rate 
of the high O3/TEOS CVD Si0 2 film 7 directly on the sil- 
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icon wafer 1 and the influence of the dependency on the 
undercoating surface could be completely eliminated by 
decreasing the duration of exposure of the low 
O3/TEOS CVD S0 2 film 5 to a level of not more than 
about one minute The results indicate that the deposi- 
tion rate or growth rate is not suddenly decreased by 
increasing the duration of the exposure to plasma above 
one minute and the film formed consequently can amply 
withstand actual service It is clear that the effect of 
improving the dependency on the undercoating surface 
has a wide margin relative to the duration of the expo- 
sure to plasma. 

[0049] Figs. 13A and 13B are photographs illustrating 
the cross-sectional shape and surface condition of a 
high O3/TEOS CVD SiCMilm 7 formed by the method of 
production under the condition of production according 
to the present embodiment of this invention. 
[0050] It is clearly noted from Figs. 13A and 13B that 
the deposited high O3/TEOS CVD SiO film 7 excelled in 
flatness, step coverage, and burying property. 
[0061] Though the present embodiment, as described 
above, uses a tow0 3 /TEOS CVD Si0 2 film 5, this inven- 
tion allows use of any tarn selected from among PSG 
(phosphosiKcate glass) film. BSG (borophosposilicate 
glass) film. BPSG (borophosphosil icate glass) film, low- 
pressure O3/TEOS Si0 2 film. SiH 2 H 2 CI 2 /N 2 OSi02 film 
formed by the reaction of SiH 2 CI 2 with N 2 0. and 
CVTEOS Si0 2 film formed by the reaction of 0 2 with 
TEOS instead. It may be otherwise any of the films men- 
tioned above which were formed by the plasma CVD 
technique. 

[0052] A mixed gas of 0 3 and TEOS with TMP (tri- 
methylphosphite: P(OCH 3 ) 3 ) or TMOP (trimethylphos- 
phate. POfOCH^) can be used as the gas for forming 
the PSG f ilm, a mixed gas of 0 3 and TEOS with TMB 
(trimethylborate. B(OCH 3 ) 3 ) can be used as the gas for 
forming the BSG film, and a mixed gas of O3 and TEOS 
and TMB with TMP or TMOP can be used as the gas for 
forming the BPSG f ilm. 

[0053] When a film selected from among PSG film. 
BSG film, BPSG fflm, and low-pressure O^/TEOS Si0 2 
film is formed, the Si 3 N 4 film 3 is heated at the temper- 
ature of not lower than 350 °C. When either 
SiH 2 Cl2/N20Si02 film or 0 2 /TE0S S»0 2 film is formed, 
the S13N4 film 3 is heated at the temperature of not 
lower than 650 °C. 

[0054] While the exposure of the surface of the low 
O3/TEOS CVD S1O2 film 5 to the plasma is in process, 
the temperature of the heated surface of the low 
O3/TEOS CVD Si0 2 film 5 is only required to exceed 
normal room temperature and is preferred to be in the 
range of 100 °C - 400 °C 

[0055] Though the formation of the high O3/TEOS 
CVD Si0 2 film 7. as described above, uses 400 °C as 
the temperature of the surface of the low O3/TEOS CVD 
Si0 2 film 5. this temperature is only required to exceed 
350 °C 

[0056] As the gas to be used for the plasma treatment. 



NH 3 can bring about the larges* effect in the improve- 
ment of surface. Optionally. Ar. He. N 2 0. N 2 . and 
may be used in the place of NH-. 

5 (First embodiment) 

[0057] Fig 8 is a cross section illustrating a method of 
this invention for the reform of an undercoating surface 
as the first embodiment of this invention. 

10 [0058] In the present embodiment, a trench (depres- 
sion) 52. 0.1 pm in width, is formed in a silicon wafer 52 
and then an undercoating insulating film is formed to 
cover this trench 52. Then, the undercoating insulating 
film is tested for flatness, step coverage, and burying 

J 5 property. 

[0059] First, a silicon oxide film (Si0 2 film) 53 of a 
small thickness is formed on the silicon wafer 51 and 
then a Si3lM 4 film 54 is formed on the SiO? film 53. 
[0060] Next, the resultant superposed films are pat- 
2c terned to remove the parts of the Si 3 N 4 film 54 and Si0 2 
film 53 which are destined to form the trench over a 
width of 1 50 nm. 

[0061] Then, with the patterned Si 3 N 4 film 54 and 
Si0 2 film 53 as masks, the silicon wafer 52 is etched to 

25 form a trench 52. 150 nm in width 

[0062] Then, the Si0 2 film 53 is formed as connected 
to the flat part of the Si0 2 film 53 by thermal oxidation 
on the surface of the silicon wafer 52 exposed inside the 
trench 52. The steps mentioned above complete the 

30 construction of a substrate. 

[0063] Then, a low O3/TEOS CVD Si0 2 film 55 is 
formed in a uniform thickness of 10 nm on the Si0 2 film 
53 and Si 3 N 4 film 54. Thereafter, the surface of the low 
O3/TEOS CVD Si0 2 film 55 is exposed to the NH 3 

35 plasma to reform the surface of the low O3/TEOS CVD 
Si0 2 film 55. 

[0064] Then, a high O3/TEOS CVD Si0 2 film 56 is 
formed on the surface of the low O3/TEOS CVD Si0 2 
film 55. 

40 [0065] In this experiment, though different materials 
are exposed in the surface of the substrate, the surface 
of the substrate is covered with the low O3/TEOS CVD 
Si0 2 film 55. Thus, the influence of the dependency on 
the surface due to the use of different materials can be 

45 prevented from manifesting itself. 

[0066] Further, the exposure of the low O3/TEOS CVD 
Si0 2 film 55 to the plasma enables the thickness of the 
low O3/TEOS CVD Sk^ film 55 to be decreased and. as 
a resutt. enables the formation of this film in such a 

so depressed area of narrow width as the trench 52 meas- 
uring hot more than 100 nm in width. 
[0067] Further, the undercoating insulating film using 
the lew O3/TEOS CVD Si0 2 film 55 excels in flatness, 
step coverage, and burying property. 

55 [0068] The embodiment demonstrates that the 
present invention can be applied to a substrate pos- 
sessed of such a narrow depressed area as a f ine and 
deep groove, for example. 
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(Second embodiment) 

[0069] Fig 9 is a cross section illustrating a method for 
the reform of an undercoating surface according to the 
present embodiment and a method for ttie production of 
a semiconductor device by the use of the method of sur- 
face reform In the present embodiment, the present 
invention is applied to a substrate which is composed of 
a wiring layer formed on an insulating film superposed 
on a silicon water 61 and a plasma Si0 2 film covering 
the wiring layer 

[0070] First A $t0 2 trim 62 is formed on the silicon 
wafer 61 and wiring layers 63 made of Al and Tin are 
formed on the Si0 2 film 62. 

[0071] Then, a plasma SiOj film 64, 0.1 um in thick- 
ness, is formed to cover the wiring layers 63. The 
plasma Si0 2 fJm 64 is intended to play the role of pro- 
tecting the wirings agamst moisture. 
[0072] Then, a low O/TEOS CVD Si0 2 film 65. 0.05 
jim in thickness, is formed on the part of plasma Si0 2 
film 64 falling in a groove 66 formed along adjacent wir- 
ing layers 63 and on the plasma Si0 2 film 64. At this 
tim , the low O3/TEOS CVD Si0 2 film 65 is formed in a 
uniform thickness throughout the entire area because of 
fine adaptability between low O3/TEOS CVD StOfilm 65 
and the undercoating film. 

[0073] Then, the surface of low O3/TEOS CVD Si0 2 
film 65 is exposed to the NH 3 plasma to reform the sur- 
face of tow O3/TEOS CVD SiC^ film 65. Subsequently, 
a high (V^OS CVD SiO- film 67 is formed on the sur- 
face of the low O3/TEOS CVD Si0 2 film 65 inside and 
outside the groove 66. 

[0074] In the present experiment, because the low 
(tyTEOS CVD Si0 2 film 65 is formed in a decreased 
thickness, it can be formed in a depressed area of nar- 
row width intervening between adjacent wiring layers 
covered with the plasma Si0 2 film. 
[0075] Further, owing to the use of the low Os/TEOS 
CVD Sr0 2 film 65. the part of the low O^EOS CVD 
Sr0 2 film 65 formed in the depressed area excels in flat- 
ness, step coverage, and burying property. 
[0076] This embodiment demonstrates that this inven- 
tion can be applied to a substrate possessed of such a 
narrow depressed area as a fine and deep groove, for 
example. 



the wiring layers directly and coat these wiring layers 
That is to say. the undercoating insulating film is formed 
directly on the substrate which allows the different mate- 
rials of the insulating film and the conductor films 

5 exposed in the surface thereof. 

[0078] First, a Si0 2 film 72 is formed on a silicon wafer 
71 and wiring layers 73 made of Al and TiN are formed 
on the Si0 2 film 72. These wiring layers 73 are formed 
so that the adjacent wiring layers are separated with a 

10 gap of 250 nm. The components mentioned above com- 
pletes the substrate. 

[0079] Then, a low O3/TEOS CVD SiOs film 75. 20 nm 
in thickness, is formed to cover the wiring layers 73 on 
the Si0 2 film 72. In this case, since the low O3/TECS 
15 CVD Si0 2 film 75 is not markedly susceptible of the 
influence of the dependency on the undercoating sur - 
face, the produced low O3/TEOS CVD Si0 2 film 75 
aoquires a uniform thickness throughout inside and out- 
side a groove 74 between the adjacent wiring layers 73 
20 [0080] Then, the surface of the low O3/TEOS CVD 
Si0 2 film 75 is exposed to the NH 3 plasma to reform the 
surface of the low O3/TEOS CVD SrC^ film 75 and 
thereafter a high O3/TEOS CVD Si0 2 f8m 76 is formed 
on the surface of the low CtyTEOS CVD SiO- film 75 
25 inside and outside the groove 74. 

[0081 ] In this experiment, since the surface of th e sub- 
strate allowing the different materials to expose in the 
surface thereof is coated with the low O3/TEOS CVD 
Si0 2 f am 75. the dependency on the surface due to the 
30 exposure of different materials can be curbed. Thus, a 
high O3/TEOS CVD Si0 2 film 76 can be formed on the 
low O3/TEOS CVD Si0 2 film 75 without being affected 
by the dependency on the surface. 
[0082] Further, since the low O3/TEOS CVD St0 2 f ilm 
35 75 is formed in a decreased thickness, it can be formed 
in a harrow depressed area interposed between adja- 
cent wiring layers. Furthermore, the part of the lew 
O3/TEOS CVD Si0 2 film 75 w/iich is formed in the 
depressed area excels in flatness, step coverage, and 
40 burying property. This embodiment demonstrates that 
this invention can be applied to the reform of the surface 
of a substrate possessed of a narrow depressed area 
such as. for example, a fine and deep groove. 

45 (Fourth embodiment) 



(Third embodiment) 

[0077] Fig. 10 is a cross section illustrating a method 
for the reform of an undercoating surface according to 
the present embodiment of this invention and a method 
for the production of a semiconductor device by the use 
of the method of surface reform. In the present embodi- 
ment the present invention is applied to a substrate 
composed of an insulating f am of a semiconductor sub* 
strate and wiring formed on the insulating film as 
opposed to each other across a narrow gap. Then, the 
undercoating insulating f ilm is famed so as to contact 



[0083] Fig. 11 is a cross section illustrating a method 
for reforming an undercoating surface according to the 
present embodiment. In the present embodiment, the 

so undercoating insulating flm is formed to cover wiring 
layers which are provided on the lateral parts thereof 
with a side wall spacer The side wall spacers all viates 
the difference of step to be formed when the undercoat- 
ing insulating film is covered. 

55 [0084] First, a Si0 2 film 82 is formed on a silicon wafer 
81 and then wiring layers 83 made of Al and TIN are 
formed on the Si0 2 film 62. The wiring layers 83 are 
formed such that the adjacent wiring layers are sepa- 
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rater* with a gap of 100 nm 

[00 r 5J Then. A SiC> (or Si.^N 4 ) film is formed to cover 
the firing layers 83 and then the opposite lateral sides 
of the wiring layers 83 are anisotropically etched to form 
side wall spacers 84 As a result, the lateral sides of the 
wiring layers 83 assumes a downward diverging shape 
and served the purpose of alleviating the difference of 
step. Grooves consequently occur between the side 
wall spacers 84. The components mentioned above 
completes the construction of the substrate. 
10086] Then, a low O3/TEOS CVD Si0 2 film 85. 10 nm 
in thickness, is formed to cover the wiring layers 83. At 
this time, the low O3/TEOS CVD Si0 2 film 85 is formed 
in a uniform thickness inside and outside the grooves. 
[0087] Then, the surface of the low 0 3 /TEOS CVD 
SiC>2 film 85 is exposed to the NH 3 plasma to reform the 
surface of the low O3/TEOS CVD Si0 2 film 85. 
[0088] Then, a high O3/TEOS CVD Si0 2 film 87 is 
formed on the surface of the substrate which allows the 
different materials to expose in the surface thereof. 
[0089] As a result, the low O3/TEOS CVD Si0 2 film 85 
is allowed to coat the surface of the substrate exposing 
the different materials and. therefore, enables to curb 
adverse effect of the dependency on the surface due to 
the exposure of different materials. Thus, the high 
O3/TEOS CVD Si0 2 film 87 can be formed on the low 
O3/TEOS CVD Si0 2 film 85 without being affected by 
the influence of the dependency on the surface. 
[0090] Since the low O3/TEOS CVD S&2 ™ m 85 is 
formed in a decreased thickness, it can be formed in a 
narrow depressed area between the adjacent wiring 
layers. Further, the part of low O3/TEOS CVD Si0 2 film 
85 formed in the depressed area excels in flatness, step 
coverage, and burying property. The present embodi- 
ment demonstrates that this invention can be applied to 
the reform of the surface of a substrate possessed of a 
narrow depressed area such as. for example, a fine and 
deep groove. 

[0091] The method of this invention for the reform of 
the undercoating surface consists in forming an under- 
coating insulating film on a substrate prior to the forma- 
tion of an insulating film, for example and further 
exposing the surface of the undercoating insulating film 
to plasma as described above. 

[0092] Since the undercoating insulating film is formed 
on the substrate prior to the formation of the insulating 
film, it can avert the influence of the dependency of the 
substrate on the surface thereof without reference to the 
condition of the surface of the substrate. 
[0093] Since the surface of the undercoating insulat- 
ing film is exposed to plasma, the surface of the under- 
coating insulating film can be reformed. In this case, it is 
not the inherent surface of the substrate but the surface 
of the undercoating insulating film formed on the sur- 
face of the substrate that is to be subjected to the 
reform. The method for the reform of the surface, there- 
for . can be inclusively standardized. 
[0094] When an insulating film, for example, is to be 



formed on the undercoating insulating film, this forma- 
tion of the film can be infallibly accomplished without 
being affected by the dependency on the undercoating 
surface because the surface of the undercoating insu- 

5 lating film has been already reformed 

[0095] Further, the plasma exposure of the surface of 
the undercoating insulating film enables the undercoat- 
ing insulating film to be densified and precluded from 
the influence of the dependency on the surface of the 

10 substrate even when the thickness of the undercoating 
insulating film is decreased. 

[0096] As a result, the undercoating insulating film can 
be formed on a substrate possessed of a depressed 
area of unusually narrow width. Particularly when the 

/5 undercoating insulating film is formed on the surface of 
a substrate possessed of a depressed area of unusually 
narrow width by the use of an ozone-containing gas 
having ozone contained in a low concentration and 
TEOS, the deposited undercoating insulating film excels 

2c in flatness, step coverage, and burying property and 
manifests high density. 

[0097] The method of this invention for the production 
of a semiconductor device consists in forming an under- 
coating insulating film on a substrate prior to the forma- 
ts tion of an insulating film, then reforming the surface of 
the undercoating insulating film by plasma exposure, 
and thereafter forming the insulating film on the 
reformed surface. 

[0098] The method, therefore, can be applied to a 
3c substrate possessed of a fine and deep groove, for 
example, and can form an insulating film of fine quality 
without being affected by the dependency on the sur- 
face of the substrate. Particularly when the undercoat- 
ing insulating film is formed by the use of an ozone- 
3£ containing gas having ozone contained in a low concen- 
tration of not more than 1% and TEOS and the insulat- 
ing film is formed on the reformed undercoating 
insulating film by the use of an ozone-containing gas 
having ozone contained in a high concentration of not 
4c less than 4% and TEOS. the undercoating insulating 
film and the insulating film constitute themselves a favo- 
rable combination enjoying highly satisfactory adapta- 
bility from the standpoint of film formation. 

45 Claims 

1 . A method for the reform of an undercoating surface 
comprising the steps of: 

so forming an undercoating insulating film 

(S,55,65;75;85) on a substrate prior to the for- 
mation of a prospective film; and 
exposing the surface of said undercoating insu- 
lating fHm (5.55.65.75.85) to plasma gas 

55 thereby reforming said surface. 

2. A method according to claim 1, wherein said sub- 
strate is formed of a depressed area 
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(4,52.66.74,86). 

3. A method according to claim 2. wherein said 
depressed area (4,52.66,74,86) is a groove (52) 
formed in said substrate or a depressed part 
(66.74.86) between adjacent wiring layers 
(63,73,83) formed on an insulating layer (62.72.82). 

4. A method according to claim 1. wherein a silicon 
oxide rim (53.64) or a silicon nitride film (3.54) is 
exposed in the surface of said substrate. 

5. A method according to claim 1 . wherein said under- 
coating insulating film (55.55,65,75.85) is one 
member selected from the group consisting of sili- 
con oxide film. PSG film, BSG film, and BPSG film. 

6. A method according to claim 5. wherein said silicon 
oxide film is formed by the reaction of tetraethyl- 
orthosilicate with an ozone -containing gas. 

7. A method according to claim 6, wherein said ozone- 
containing gas has ozone contained in a concentra- 
tion of not more than 1% in oxygen. 

8. A method according to claim 5. wherein said silicon 
oxide film is formed by the reaction of SiHfeC^ with 

9. A method according to claim 5, wherein said silicon 
oxide film is formed by the reaction of tetraethyl- 
orthosilicate with oxygen. 

1 0. A method according to claim 1 . wherein said under- 
coating insulating film (5.55.65,75,85) has a thick- 
ness of not less than 10 nm. 

11. A method according to claim 1, wherein said sub- 
strate is heated while the surface of said underrat- 
ing insulating f flm (5.55.65.75,85) is exposed to the 
plasma gas. 

12. A method according to daim 1 1 , wherein the heat- 
ing temperature of said substrate is not lower than 
normal room temperature. 

13. A method according to daim 12. wherein the heat- 
ing temperature of said substrate is not lower than 
100 °C and not higher than 400 °C. 

14. A method according to daim 1. wherein said 
plasma gas is formed of at least one member 
selected from among NH3. He. Ar. 0 2 . N^, and N 2 0. 

15. A method for the production of a semiconductor 
device characterized by performing the reform of 
the surface of an undercoatsng insulating film 
(5.55.65.75.85) by a method set forth in any of 



daims 1-14 and then forming an insulating film 
(7,56.67.76,87) on said reformed undercoating 
insulating film {5.55.65,75,85). 

5 16. A method according to claim 15, wherein said insu- 
lating film (7,56.67.76.87) is a silicon oxide film 
formed by the reaction of an ozone-containing gas 
having ozone contained in a concentration of not 
less than 4% in oxygen with tetraethylorthosilicate. 
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Fig. 1 (Prior Art) 
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Fig. 2A (Prior Art) 
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Fig. 3A (Prior Art) 
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Fig. 4A (Prior Art) 
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Fig. 5A 
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Fig. 5D 
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Fig. 6 
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